Infectious abortions of goats in Argentina are mainly associated with brucellosis and toxoplasmosis. In this paper, we describe an abortion outbreak in goats caused by Chlamydia abortus. Seventy out of 400 goats aborted. Placental smears stained with modified Ziehl-Neelsen stain showed many chlamydia-like bodies within trophoblasts. One stillborn fetus was necropsied and the placenta was examined. No gross lesions were seen in the fetus, but the inter-cotyledonary areas of the placenta were thickened and covered by fibrino-suppurative exudate. The most consistent microscopic finding was found in the placenta and consisted of fibrinoid necrotic vasculitis, with mixed inflammatory infiltration in the tunica media. Immunohistochemistry of the placenta was positive for Chlamydia spp. The results of polymerase chain reaction targeting 23S rRNA gene performed on placenta were positive for Chlamydia spp. An analysis of 417 amplified nucleotide sequences revealed 99% identity to those of C. abortus pm225 (GenBank AJ005617) and pm112 (GenBank AJ005613) isolates. To the best of our knowledge, this is the first report of abortion associated with C. abortus in Argentina.
Introduction
Infectious abortions are among the most significant problems for goat breeding in Argentina (Samartino 2002; Rossetti et al. 2017) . These abortions are caused mostly by brucellosis and toxoplasmosis. Other infectious causes of abortion have been poorly characterized (Unzaga et al. 2014) .
In goats, Chlamydia abortus produces abortion mostly due to placentitis associated with placental infection (Schlafer & Miller 2007; Longbottom et al. 2013) . The oro-nasal route is the natural port of entry (Gutierrez et al. 2011) , followed by blood spread of the organism and, in pregnant does, invasion of trophoblasts in the placentomes, from which bacteria spread to the inter-cotyledonary areas.
These changes in the placenta result in late-term abortions or stillbirths (Buxton et al. 2002) .
C. abortus stands for the main cause of abortion in sheep and goats at global level (Aitken & Longbottom 2007) . In the United Kingdom up to 37% of abortions in sheep are caused by C. abortus (Mearns 2007) . Australia and New Zealand are considered free of C. abortus infection (Longbottom & Coulter 2003) . Two neighbouring countries of Argentina, i.e. Uruguay and Chile, recently confirmed the presence of abortion induced by Chlamydia sp. in goats (OIE 2012; Giannitti et al. 2016) .
Abortion by Chlamydia spp. in goats has not been reported before in Argentina. This study describes an outbreak of abortions caused by C. abortus in a herd of goats from Mendoza Province, Argentina.
Materials and methods

Animals
During the kidding season in the spring, 70 does in a flock of 400 criollo goats located in the San Rafael Department of Mendoza Province aborted term fetuses or gave birth to weak kids during a 6 weeks period.
The goats of the affected flock were reared under extensive grazing conditions during the day and they were locked in a small corral every night, where they were provided water ad-libitum. Health management included regular Fasciola hepatica treatment with triclabendazole 10% (Ganafort â , Argentina) and vaccination against brucellosis with Brucella melitensis Rev.1 vaccine (SENASA, Argentina).
Pathology
One stillborn kid and its placenta were submitted for necropsy and gross examination, respectively. Samples of liver, thymus, spleen, lung, complete brain and placenta were collected and fixed by immersion in 10%, buffered formalin, pH 7.2 and processed routinely for the production of 4 lm thick paraffin sections that were stained with haematoxylin and eosin. Selected sections of placenta were also processed by immunohistochemistry (IHC) for Toxoplasma gondii, Coxiella burnetii and Chlamydia spp., as previously described (Dilbeck & McElwain 1994; Giannitti et al. 2016) . Briefly, antigen retrieval was performed in a decloaking chamber, followed by the quenching of endogenous peroxidase with 3% hydrogen peroxide. The following primary antibodies were used for T. gondii, C. burnetii and Chlamydia spp., respectively: B. Barr CAHF-D Rbt# 58 (rabbit polyclonal; University of California, Davis, CA, US), AB-COX-MAB (mouse monoclonal; U.S. Department of Defense, Critical Reagents Program, Washington DC, US) and Anti-Chlamydia lipopolysaccharide antibody (mouse monoclonal; Virostat Inc., Westbrook, ME, US). Primary antibodies were applied followed by anti-species horseradish peroxidase (HRP)-labelled polymer (Biocare, #GHP516, Pacheco, CA) and a detection system, with 3-amino-9-ethylcarbazole (ThermoScientific, #TA-125-SA, Fremont, CA) as the chromogen substrate solution. Samples of caprine placentas which were PCR positive or negative for these microorganisms were used as positive and negative controls, respectively.
Bacteriology
Impression smears from cotyledons were stained using the modified Ziehl-Neelsen stain (Poester et al. 2010) . Cotyledon samples and abomasal content were cultured under aerobic and microaerophilic conditions on 5% sheep blood agar at 37°C for 72 h.
Molecular analysis
Samples of placenta were processed by a quantitative real-time PCR to detect the 23S rRNA gene of the Chlamydiaceae family as previously described (Ehricht et al. 2006) . Briefly, genomic DNA was extracted from 25 lg of placental tissue with the PureLink TM Genomic DNA Mini Kit (Invitrogen, Carlsbad, CA, USA). The samples were further examined using a nested PCR assay (Kaltenb€ oeck et al. 1997; Sprague et al. 2009 ) of outer membrane protein A gene (ompA also known as omp1), the outer primer set 191CHOMP/ CHOMP371 was used to amplify a 576-bp fragment. In the second amplification round, the following inner primers sets were used: 242B577/ CHOMP336s representing C. abortus (formerly known as C. psittaci serovar 1) and 204PECOR/ CHOMP336s representing C. pecorum (Everett et al. 1999) . In addition, 201CHOMP/CHOMP336s was used to amplify a segment in variable domains III and IV from the ompA gene of all Chlamydia spp. for sequencing (Sachse & Hotzel 2003; Sprague et al. 2009 ). The reactions were carried out in a thermal cycler IQ TM Multicolor Real-Time PCR Detection System (Bio Rad, Hercules, CA, USA).
Amplicons were separated on a 1.5% agarose gel by electrophoresis and observed with ethidium bromide under UV light. The target amplification product from the primer set 201CHOMP/CHOMP336s was purified using an AccuPrep â Gel Purification Kit (Bioneer Corporation, Seoul, Korea) and subjected to a direct nucleotide sequencing reaction in both directions by a sequencing service (Unidad de Gen omica, Instituto de Biotecnolog ıa, Instituto Nacional de Tecnolog ıa Agropecuaria, Castelar, Argentina). The sequence was aligned and trimmed using ClustalX (Conway Institute UCD Dublin, Dublin, Ireland) and compared through BLASTn 2.2.19 to other Chlamydia ompA gene fragments obtained from the GenBank data bank. The sequence was found to be most closely homologous to C. abortus strains in the databases. The strain was designated as Chlamydia abortus strain CEDIVE-G-4661/12 and submitted to GenBank (Accession number KU728158).
Serology
Serum samples from the stillborn fetus and five aborted does were tested to detect antibodies against B. melitensis and T.gondii by plate agglutination and indirect immunofluorescence tests, respectively, as previously described (Mor e et al. 2008; Unzaga et al. 2014) .
Results
Grossly, the placenta was thickened, with extensive multifocal necrotic foci and diffuse fibrinopurulent exudate on the chorionic surface (Fig. 1a) . These lesions were particularly evident in inter-cotyledonary spaces. No significant gross abnormalities were observed in the fetus.
Microscopically, the chorioallantoic membrane showed diffuse necrosis of the villus and adjacent inter-cotyledonary epithelium, which was replaced by abundant eosinophilic karyorrhectic debris, viable and degenerate neutrophils, fewer lymphocytes, plasma cells and macrophages and multifocal mineralization. A few trophoblasts were scattered throughout the necrotic debris and were often expanded by many intracytoplasmic, basophilic,~1 um diameter inclusions (Fig. 1b) . Multifocally, the blood vessels of the chorioallantoic membrane were infiltrated by eosinophilic karyorrhectic debris, neutrophils, fewer lymphocytes, plasma cells and macrophages and small amounts of fibrin; the vascular lumen was occluded by fibrin thrombi. There were also perivascular accumulations of viable and degenerate neutrophils, macrophages, lymphocytes and plasma cells (Fig. 1c) . In fetal brain, the Virchow-Robin spaces were multifocally distended by moderate numbers of lymphocytes and macrophages with fewer neutrophils and necrotic debris. The endothelial cells of these blood vessels were hypertrophic and the wall of those vessels presented similar changes to those described in the chorioallantoic membrane. Surrounding these blood vessels there was spongiosis and the myelin sheaths were dilated surrounding swollen axons. A few neurons showed central chromatolysis or were necrotic. In the liver, small multifocal areas of coagulative necrosis and multifocal infiltration with lymphocytes, macrophages and plasma cells, together with lymphoplasmacytic chollangiohepatitis were observed. In the lung, diffuse lymphoplasmacytic infiltration was observed in alveolar septae.
IHC showed strong positivity mostly in the cytoplasm of the trophoblasts but also in the intercellular space (Fig. 1d) . IHC for T. gondii and C. burnetii was negative.
Smears of placenta stained with modified ZiehlNeelsen showed a large number of red, pin point bodies free in the intercellular space and also in the cytoplasm of trophoblasts. No bacteria were isolated from the placenta.
Real-time PCR targeting 23S rRNA gene from placental tissue was positive for the presence of Chlamydia spp. The nested PCR was positive for C. abortus and negative for C. pecorum (Kaltenb€ oeck et al. 1997; Sprague et al. 2009 ).
The results of the BLASTn sequence analysis of amplified nucleotide sequences revealed 99% identity (417 nucleotides) with sequences of the C. abortus strain goat origin from China and Greece (GenBank KF130872 and GenBank HQ622433, respectively) and also with the sequence of sheep strain (GenBank KC879303) and bovine strain LW508 (GenBank M73040).
Serology for brucellosis and toxoplasmosis was negative in all animals tested.
Discussion
A presumptive diagnosis of chlamydiosis was established based on gross and microscopic changes, including the examination of the modified ZiehlNeelsen stained smears of placenta. Confirmation was achieved by IHC and PCR. The latter also provided confirmation that C. abortus was the species of chlamydia involved. In addition, the diagnosis was supported by the negative results of tests performed to rule out brucellosis, toxoplasmosis and C. burnetii infection, the first two being the most prevalent known causes of caprine abortion in Argentina.
In Argentina, a previous study of Chlamydia spp. responsible for infections in wild and captive birds detected Chlamydia psittaci, Chlamydia pecorum, Chlamydia gallinacea and Chlamydia pneumoniae (Frutos et al. 2015) . Recently Rojas et al. (2018) detected Chlamydiaceae DNA in 12 samples of 251 bovine aborted fetuses (4.78%) and C. abortus was detected in five of the studied cases (1.99%). The mentioned study confirmed the presence of C. abortus in La Pampa Province, not far from Mendoza Province, the location of the present case. Sporadic abortions in goats from Uruguay were associated with C. pecorum (Giannitti et al. 2016) . However, to the best of our knowledge, there have been no reports of ovine or caprine enzootic abortion associated with C. abortus in Argentina.
This study shows that C. abortus is a cause of caprine abortion in Argentina. This microorganism is a zoonotic agent and early diagnosis is of outmost importance to prevent its transmission to people in close contact with goats and to other goats in the herd. C. abortus should be included in the list of aetiologic agents to be investigated in cases of caprine abortion in Argentina. Presence of C. abortus in Argentina was probably overlooked; however since new diagnostic test were established in several Latin American countries recently, chlamydiosis was also reported in Uruguay (Giannitti et al. 2016) , Chile (OIE 2012) and Argentina (this report). Humans are at highest risk during and immediately after abortion or parturition as large numbers of this organism are released to the environment with the fetal fluids (Seth-Smith et al. 2017) . Additional studies are required to determine the prevalence of C. abortus infection in goats in Argentina.
